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SECTIO N 1

INTRODUCTION

The goals  of th i s  p r o g r a m  were (1) to develop  ar id d em on st i  i t t

t e / c f I f l l ’ J u I ’ s  and h a r d w a r e  t ha t  ir  I’ capab le  of pr o d u c i n g  con t ro l it ’d

e lect r o n  d e p o s i t  i on i n  i L u p t’— w r a p  carbon ph e n ol  ic ,,blutrt r mater i a I

so u s  to o b ta i n  ph e n o l i c  removal  dep ths  between 0 .1  mm and 0 . 0 4  mm

( 5  mils and 15 mi is) and (2) t o  est a b i  i sh  a d a t a  base t h a t  c o u l d

be used to d e s i g n  an r i p t  im i  zed s ys t e m  to m a x i m i ze  s i n g l e — p u ls e

i r r , e l i a t  ion ir eas  f o r  t h ’se beam t ’n v i r on r n en t s .  To accomp l i s h

these  j o u l s , a ser ies of e x p e r i m e nt s , based on e l e c t r o n  d e p o s i t i o n

c~~d t ’  u r id e l e c t r o n — b e a m  i c ’ r l ( n f o r  1 : / F  Icu  la t  ions , wer e  c~~r r  I (‘d ou t

on t h e  OWL I I  (j e i u ’ r a t o r  u s / r i ’ ;  e xi s t i ng  dio d e  and m a g n e t  h a rdw a r e

( P e ’ l  I ’ r F ’ I i c F ’  I) . R esu l t s  of these  e x p e r i m e n ts  m d  i cu t e  t h a t  w i t  t i

i n o p t i m i z e d  sys tem f he OWL g en e r a t o r  can be u se d to i rr ,~~1 I i te

~u ( ‘ i s  b e ! t W e I ’z i  ( , 8 ( I  cm~ t ,  ovel  1000 co,2 w i t h  a s i n g le  p u l s e ,

I f I pI n d in g  on the  ( I ( p t h  ,f p h e n ol i c  removal  r e q u i r e d .

An m i  t i al  set of e n e rg y  d e p o s i t  ion  c i i  c u l a t L on s  was  per-

f o rm e d  to l e t  I r m i r e t hc ’ most  a p p r o p r iat e  v o l t i p ’  and r t s ’n i

o f  i n c i d e nc e  of t h e  e l e c t r o n  bi auit r i t ’ ce s s ir y  to , ,ch u ’v e  speci f ied

p h en o l  i c r emo va l  d e p t h s  of 0. 1 i mm (5 mi is) , 0. 25  mm ( 10  mi  I s )

ari d 0. 38 mm (1 5 iN Is) . Once ’  t h e  most  appropr  j a t ,  vol t , ’ e ’ and

~ n q l e  W e r e  d e ’ t  t ’ r , , ~~ n e l , t heso numbers w e r e  t I n n  used t o  e i I  ( ‘ I A ! i t i ’

t h e  corre s ponding g e ’ r i ( r I t o r  , o i l  odi ‘ , i n t l  x ;~t ’ i  1 1111 n ta  I I ’’ I , ‘ I  C rs

r e q u i r e d  t o  p roduce  t h e ’ s t  lii ,’ims. The e xp e l  i m e n t , i l  ‘ j i m  t a b l e s  wer e

the g e n e r a t o r  p u ls e  c h a r g e, I h i ’  a n o d e — c i t  l i o t h ’  s( ’ p ar l t i ’ ) n , e I e ’ t r o m i

scat t e rin g  m u  t h i c kn e s s , md l~. ’am e :o n ipm F ’ s s i o m I  ra tio. The e ’ , i t h i o ’ l t ’

u r e a  ( 4 1 0  cm 2 ) w ar ;  I i z t . l  I , i s i ’d  on t h e  e x i s t  i n g  h a r d w a l l ’ .



‘I’hree sets of parameters have been identit ied ana lytically

and cent irmed experimentally that will u n i f o r m l y a nd r ep ea t abl y
r emove phenol ic to the requi red dep ths  l i s t  et i  above . At  each ef

t h e se c o n d i t i o n s  at least  f i v e  each 5 cm x 20 cm samples of

carbon phenolic ahiator material were irradiated , plus at l east

the  i c ’  c a l o r i m e t e r  shots wI re t aken  to m e a s ur e  beam f lu e n c e  and
u n i f o r m i t y .  The test  specimens were f l a t  sec t ions  of a t a p e  wrap

ca rbon ~ih e n oli c  t h a t  were provided by the Lockheed Space and
M i s s i l e  Company.

Phenolic removal was measured by measuring the thickness of

the samp le before and after irt idiation. A series of such measure-

ments was used to determine the uniformity of remova l . ‘I’he m a j o r

source of uncertainty in the removal depth is the state of the

base material after irradiation. Althoug h it appears to be intact ,

t h e re  may be in t e r n a l  m ic ro scop ic cracks due to the  the r mo —
m e c han i c a l  s t resses .  Such cracks  would  make the  base m at e r i a l

a f i p o a r  t h i c k e r  a f t e r  i r r a d i a t i o n  and the reby  make the removal
d e p t h  appear ’ smal le r  t h a n  the  a c t u a l  v a l u e .  In a n y  case , the
r e s u l t s  of t h i s  i n v e s t ig a t i on demonstrate that , given a spec i f ic

tech n i que fo r  m e a s u r i n g  the phenol  i c r emoval d e p t h , t he  f e ’ s  i t  e e l

amount  of i t  mov i I can be ob ta ined  i n  ~i t in  i form and rep ea t  i i ,  10

lash ion .
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SECT ION 2

PRE- TEST CALCULATIONS

‘ T I ; ’  m i t  i , il i r e - - t e s t  Mont e ’ ( ‘ , i r i o  e l ec t  N A i l  t N l l I sp I r t  c~i l c i t —

J i t i o ns  ( I ’ ’ I ’ ’ r e ’ n ’ ’t ’  2 )  o b t a i n e d  a se r i e s  of h t j ~ o~~~i t  ion j, :of i ie~
t o n  h e ’ e t  ‘ ‘ n e : t i e s  I ‘ ‘ m w , ’ ’ n 350 , i i t I 700  k V  w i t h  mean a ng l e s  if

i n c i d e n t ’ ’  1 , o r t ~~ e ’ e ’ j t  1( 1 a n t  I I )  l e ; I  e ’ e S .  I” i;ure 1 is In  e ’ x i i t i p l e  o f

d d e ’ t o t; it i t n i  p r o t i l e . ( ) I l e’  c m ’ i t t ’ t  i o n  t h a t  was used t o  s e l e c t  f l i t ’

o ’ X ; i o ’ i  l i I Ie ’ m l t , :  1 ‘: 1:1( 1 i t  l i i i : ;  wa s  t o  choose ’  a de ’po ~~i t i o n  p r o f i l e -  w h e re

t h e  x e ’ pi : r e d  r , ’ t c i e , v , i l  dept h was l ,, :,it ‘,j on f h e ~ t e ’  p l y d e s c e n d i ng

p o r t  l e a ;  of t h i t  p r o f  i l o ’ . T h i s  minimizes t h e  e f f e c t  of any

v i ,  l i t  j o ins  i n  },t , i m i ;  f l i ; e ’n :e ’ U~~Ofl t h e  ( l epth  Of  re m o v a l .  u n i t  b i t t

‘ i  i t  ‘ ‘ I  i o n  was t o  s e le c t  a de p o sit  ion p r o f i le  such  t h a t  ‘ : I ; t i ; ; e ’s

on I - l i t ’  ,ij b e ’ y  ~~f 10 h ’ ; r e e ’r l  i n  t h e  m o a n  a ngl e  of  in ct d - n e ’ e ’  of t i t ’ ’

t i l t s  w o u l d  t e s i t i t  in v e ry  s m a l l  changes  in t h e ’  d e pth  of

: e i i;ov il  . l I t ’ e:ojnh ,i :iition of the se ’  t w o  c r i  t e ’ ,  i t  p u t s  t h e ’  m,’ ix i mun .

Se  ‘ i i  si  I i ‘j i  ty  o f  t h e ’  e ‘nova  1 cli  j 1th  on t l ie  be ‘ , t T h  ‘jolt i j e  —

‘I’he sel ‘ct e l le ’; os~ tion pio f i i ’  l e t  e ’ r n i i m t e ’ s  t h e ’  I I  f e W’  v o l t  , i ’p ’

n I  n e  - i t ;  a nt ;  I t ’  of i f i c j t f e  i i ( ’ ~~’ of  I hi e l e c t  ron bt ‘ 1111 . ‘t h e ’  (3 : ode ’

volt:’;’’ Sin h e ’  r e ’ l , i t  F ’ !  to l i e ’  ‘ ; e ’ : e ’r i t _ or  p i t  , I t t t e ’ t  e r r ;  i n  t h e  tel l o w—

n o; W a y .  ‘ I ’ b t e ’  OWL p r i e r i t o :  is c i l l I l l e ’  of t w o  b a s i c  l e p e r  i t  : e ~~ t , i i

r r t e , e l c ’ r ;  . In l i e ’  OWL T I  tue I t ’ , t i e ’  ;e ne ‘i 1 t o t  i l i l p e  ‘ e l i t e  is I - 9 o h m ;

l e e ’  t t h e e ’ v o l t i e ; e ’  (V
T

) i s  m e ’ l i t e d  to  t he  m a c h i n e ’  p u l s e  c h o ;e

v o l t i ’ ; e ’  (V 1,0 , ) w h i l e  t i n ’  b i d  i i n p t ’ i I : i t c e ’ (‘L i ) is , by f l i t ’  f o l l o w i n g

t ’ ; I l l t  ion:,

0.68 V ‘FL
VT I . ‘) 

1~U L  (OWl ,  1 1)

7
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‘ T h e  O Wl,  I I mod I f icat ion drops t I l e  ;o~ r ;e ra  1-or ir~ r i e d a r t ce  to

1.1  ohm by a d d i n g  - in e x t r a  t r a n sf o r m e r  st age .  ‘The r e l e v a n t

e q u al  ion for  th ; ;  m o d i f i c a t i o n  is

0.49 V Z
= 

~r :i ~~~~~~
’
~ 

(OWL I I ’

In both  c an e r; , t h e  i J i ;j ~e ’1,ince ( i f  1- b i t ’ ’ h i o t i e  Z ( i n  ohms)  i s  g i_ ’ie r;

by t i e -  L an gm u  j r — C h i l I  rd i t  i o r ;r ’r ! i i p

5 2
— 4 . 2 /  x 10 1,

‘~

wb ; e r  e- 1 is t h e ’  diode ~;re’,j in  1 1 1 -  ime ter s  squa red , D is tb ie u r o ’ l e —
,i t  i ; o ’ I e ’  s e ’ ; , ’ i r u t i o r i  in c e ’n t ’ i m e t , e ’ r  s , and 

~ T 
is the  t ub , ’ ’  ‘j olt a ge  i n

vol t . ‘the  m e an  A r e d  t ; } ~~’ ‘101 t : i ’j e  ‘ i s  a c t u a l  l y t he  sum of t h e  d i o d e ’

‘Jo I I age  and

L 
dl
It

,ihere L is t he  L r ; (I u c t a n c o ’  of  the diode  feed sect ion . For a g I y en

T e o r r e t r y  t h e  L term i s  c o n s t a n t  w h i c h  m a k e ’s  t h e  d j o t” v o l t  i’ -
propor  t tonal to 

~~~ 
In t h en e  OX p ( ’ e imenits th e  mean f t  od e:  ‘to i~ age ,

the b as i s  of the M o s t e C a r l o  d e p o s i t  i o n  j r o f  i l es , was  be t wee n

45  j~erce’nt and 50 j,’erce’nt of the pea!~ measured  tub e  v o l t age .

Somewhat g r ea t e r  beam e n e r g y  o u t p u t  can ‘ o b t a i n e d  a t  low diode

‘j o t t i’;es wi  t h  the  OWL I I ’  c o n f i g u r a t i o n .  l l o w e v e -r  , because  t h e ’

existing hardware ‘~iuS (: v rr l p a t ib l e  w i t h  t h e  OWL TI d i o d e , a l l

eY~p e ’r  i m r i ’ ’ n t s  descr  il ,ed in this re-po rt , were carr j e ’d  ou t  w i t h ;  t h e ’

gen’’r ‘i t  or  in the OWL 11 ( :or l f i r ;u r a t  ion .

Or t u e  t u e  pu l se  cha rge  v o lt a ge  and anode—cathode - sp c; i rig have

been r ;e t , , ca icul at loris ir e  used t~~ d e t e r m i n e  w h e t h e r  t he  e l ’  - c t r o r ;

l ,e~~irr r n t ;~~t be expandee’l or compressed in order to deli vet the

appr o ; r ; , i t e  f l ’j e n e : e -  ~o t h e ’  t, a r e ; e : (  . An axial magnetic field is

- --‘ —- - - - ---



used 1,0 t r a n s p o r t  th e beam f rom the  d iod e  t o  the- t . a n g e t  and m a y
,~~l s e j  be used to mod i f y the  bean a r e a  • i~ n o m i n a l  t h r e s h o l d  dr ,n e ~

of 0 . 8  MSy (2 0 0  c a l/ g )  is r e q u i r e d  to remove p h e n ol i c  and b y u s in g

t h i s  number  in c o nj u n ct i o n  w i t h  the  c a l c u l a t ed  r I e ’p o s i t i o n  p r o t ’i le ,

the req uired fluence is determined . At the an o d e -  pl~~r i e  t he  f ]

~
) f o r  i 100 ns p u l s e  is g iven  by the Larigr ri ii r Child f o r m u l a t io n

2 . 4  x io~~~
2 V~

”2 2
= —— — -—-‘—— —‘—

~~
—-— —------—- ‘-—-- ( k , J / m n  )

1)

w h e r e  ‘I is t.he diode vo l t age  in vol t s  and I) is the  ‘i r i o W ” — c a t b i o d e

s e p a r a t i o n  in  c e n t i m e t e r s .  I f  t h e  f l u e n c e  at  t h e  a n o d e ’  p l an’-  in

I er~s t h i n  t he  r e ’ ’ ; J  i red ‘ía lue , t he  beast m u s t  l~ - Cor ip r  ‘ ‘SSect  . I f  it:

is ‘;r e J :i t :er , t he  beam may he expanded . In  o r d e r  to  a c h i ev e ’  t h e

i io ’ro: es called for in  t h i s  p r o g r a m , i t  was  n e ces s a r y  I ~ , “r , g Or e - s s
the beam t’, some e x t  eri t for  a l l  th r e e  remova l ~t ’-r ,t h n

To obt .a in  t_ h e  m e a n  ani g  le of inc 1 h e n c e  c a l l e d  fo r  L i  t h e

r I e g ~Osi t i on  p r o f i l e , j t  is  p o s s i b l e  to i n c re a s r  I lie mean  ~‘i5 ’ 4 1( -

b y a d d i n g  s c a t t e r i n g  f o i l s  ( f i l t e r s )  b e t w e ’ e - r  t h e ’  d i o d e  a n O  t h e

I , i r r : e - t . ~~; r l c e ’  t h e ’  a n od e  f o i l  i t s e l f  c o n s i s t s  of  0 . 0 1 12 5  cm of

t it  ‘,r ; ; inn , sonic’ sca t t e ’r  in,; w i l l  occur  he r o ’  q i ‘i inq t he  bear ’  ‘in

a v e ra g e ’  l i S l e  of ip p r o x ; r’~ i t e l ’~ 30 de gr e es  a t  a ‘ i o l t t g e ’  of 500 k V .

‘T h e  e l  e ’c t r o r i  ang l e s  i n  t b -n ’ beam w i l l  ‘tory w i t h  u h e  m a g n et i c  I i  ol d

st, ,r e r igt h , , i r i ’I h e n c e  t h e e ’  beam ar ea . For adiabati c compre ss ion or
e x p I r e s  i ‘ t I e  ‘ f  I it ’  St arr , t h e  k in g l ’ s  wi  11 Va n y  as

. 2s m  ‘; -  A
t —

- 2 A -s i n  9 f I

w h e r e ’  h . ,  , A. ,ir , ’i A~. are the ’ initia l and final ang les and

i r  ‘ i ’; , r e ’ ’;1~ e ’ c ti ’ i e l y .  I f  gr eater ang le s  a r e ’  r e e r u ]  r e d , s P l it  t o n a l

i l l  ‘‘ r ; ar e  i n t ’l  i Sn ted . The r e ’ r ; i A  i red t h  i sk  n e s s  i ,s e; j ’Jen by

= ~ d ½
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w h i t ’ :  e c c  s t b ; c ’  s’ , i  I I e ‘~ 
j t i ;  i i i ~ ; i t ’ i i i  l i d  I ,iic; , ci j~~ I h i t ’  I i t  i t t  i wit

I i H r  I h i e ’i ’ ,i ;e’’;r ~ i i i  c c i t t  i n l e t ‘ i  ~~~, , i i t e l i s  I I; ’ - n o r m a l ‘ e ’ l ~~ t i v : ; ; ! i s

‘ t e t i . , ;t , i : i t  b e e r  t i e  e ’ l t ’ c t r o n s , I . e ’ . , I f t c ’  : , i t : e  ‘ i i  I l i e ’  t e e t , i l  e ’ I e ’ e ’ t  i o n

e ’ t t e ’ i ’ f’ ,’ ( j i i c I i e ! i n e ;  i t ; ;  e ’ ; ; t  n t I s )  to j t ~~ t e n t  i l e , l r ’ r ; _ i t t  , e l e I i t  e e l :

l e t  t n t  n~~ t I e ; e ’ i t t ’ ;  ~n : n ’ : t i  Se ’, l t t t r i l l ’ ;  i i ;~ j 1 e ’ , t h e ’  I t i l e ’: ,i l ; ei I e , w e ’ :

I t t ’  k i t i e ’ I i e ‘ e ’~~t t ’  i I f ~~ ’ 1 I t l i e ’ e ‘ I ‘ ‘i ’ I t ‘s i r ;  . ‘I’) t j s e’i I e ‘e ‘ I  s e n  I c c ’  e 0  t l e e ’

c c i i i  ‘ i f  101) k r V  f o e  ‘ ( ) . ) ‘ ) _ ‘~~ ~~~ t ~~~~~~~~~ I i l l , ’ : . l t e ’ e ’ , i i t r r e ’  e e t

l i i ; , I t  i : i , i ’ 1’ l e e ’  ii t ’, ’e ’ r ’ ,~~;, lt  ‘ i i i  ; c , i i i e ’ I :i~; t , i t t e ’e ’r ;  t o  i t  e ’ t  i t t ’  I l i e ’  , l j e e e V e ’

‘i c i ,  ‘e ‘e h e :  e ‘ b e ’~’ l i i ,  t ‘ , i  i i i  ~~ I b i t ’  e I I d l e  b e ’  ni ,  1 I F e ; , ’  i i i  , t i c  I.’ t t o  , I ( ‘ I i  e v e ’  I l i e ’

i i  ‘i i  I l e ’ j  e e c ; ;  t t ‘ c i i  p i e e l  t I , ’  e i i  ( l i e ’  I i i  n i c h e  c c l  t l i e ’  I’ t I I ‘ ‘ i t e e  i

I I
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SECTION 3

/\PPF4R/ TUS

The OWL II generator was used for these tests and most of

the hardware was already in existence. A 4102 cm circular cathode

was used during the ex pe r i m e n t s that we’r e ’ pe’rformed to verif y t b - i c’

pr ed i c t e d  ph e n o lic  remova l  dep ths  at t ’ l  to p r o v i d e  a set of spec imens

f e a r ev al ua t  ion.  ‘ l ’h i r e ’ o ’  m a g n e t  c o i l s  w e ’r e  used to app ly t h e ’ l o n ej i—

tudinal magnetic fields for beam control; these coils could he’

moved in slu ice  to c r e a te ’  s eve ra l  di f f e ; r e i t t  magnetic geometric ’s.

A diagram of t h e  a p p a r a t u s  is shown u t  Fi gure 2 and  ‘i p i c t u r e  of

the i ç e p i r i t u s  is shown in Fi gure 3. The m a g net i c  f i e l d  i s  p l ot  t t ’d

j f l  J” j e j t i r ( ’  4 .  Electrons are emitted from the  ca thode  and ~as n

through the transmittin g titanium anode and scat b ring foils (if

used). ‘I’he beam is t h en com p ressed by t h e ’  m a g n e t i c  f i e l d  and

i m p i n g e s  on the  sample  w it  ich  is p laced so in ; t o  have  the e i f i S j  reel

a m o u n t  of magnetic compression  to y i e ld  t b - i c ’  ( 2 , 1 1  culat t - d  fl n i n e ’ .

12



OWL II CURRENT BEAM APERTURE PLATE
INSULATOR MONITORS
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SHAN 1< ~~~~~~~~~~~~~~~~~~~~~~ 

- ‘
~
‘
~1 - -

P R E P U L~~~~~~~~~~~—~—-—---
~~~

’ 
I

SWITCH ~~~~~~~~~~~~~~~~~~ - - I CALORIMETER
A R R A Y

DIODE C H A M B E R  D R I F T  CHAMBER
t x  1h)~~ T O HR N2 f ix  lO l 101*1 N2

- ‘ o p i n e ’  2 Schematic of ablator experiment .
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SECT ION 1

DESCRIPTION OF THE EXP ERI MENT

This program established three experimental conditions of

t h e  OWL I I  generator for removal of 0.13 , 0.25 , and 0.38 mm

(5, 10 , and 15 niu ls) of phenolic from the tape—wrapped carbon

phenolic ahlator mater jul. ‘l’able I presents ,u r e ’cord  of all

d a t e  t a k e n  d u r i n g  th i s  e x p e r i m e nt i I s e r i e s  of t e s t s.  The d e p t h

of removal  was estahl ished by measuring the’ mate’rial thickness

b e f o r e ’  and , e f t e r  irradiation; the d i f f e r e n c e  was t h e n  d e f i n e d

as t h e ’  phenolic removal d e p t h .  It s h o u l d  be n o l e ” I  , however ,

t h a t  I h e re a re  p o s s i b l e  e r r o r s  in t h i s  t e c h n i  r ;u e  because ‘if

c rac ks and t h e r m a l  s t r e s ses  t h a t  may e x i s t  in the  m a t e r i a l  re rne ,’l i n —

i n g  a f t e r  i r r a d i a t i o n.

The 0.1 i—mm conhition uses a m a c h i n e  p u l s e  ch a r rt e vo l tage’

‘ i f  2.1 MeV wit tt in anode/cathode spacing ‘ii 8 mm , g iving a diode

impedance 0! 0.8 ohm and a mean voltage of approximatel y ‘360 kV.

The beam was ;,c u s n e o l  t h roug h a 0 .025—mm—ti ton i tim I i l t e r  and  t hen

compressed in ,:rc ’ ,i by a factor of two giving an aver age f luence

of 0.50 to 0.55 M,J/cm2 (12  to 13 cal/cm2). Typical diode elec-

tric al parameters for this condition are shown in Figure 5. The

measured calorinteter mar) is shown in I”iqu ne h with a deposition

profil e calculated from the electrical parameters shown in

Figu re ’ 7. A typical samp le of ablator material is shown in

l- ’i gure 8.
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l ’ e — 1 n ~ij i t i ‘ i r e ’ , ’ , , )  ‘ ‘ ‘ d c c i i  I ‘ e t e s  ‘ ;: ;e ’ c l ,~ j I j  ‘ ; e ’ ’ ’ h i , i r  ‘ ; , -  e , f

I . ‘e ’, Mc - ‘1 w i  I Ii  a ‘) - n i l n i— - e l i ’ ,’ b e / c  ‘~ i t b ; o d t ’  !;~~, mr ’; r ie j  i i i ’  I I . 7 1 ‘“ 110 1 ci c - i ;  - I ‘ i i i ,

, i i i  , e ’ / ’ ’t ig e’ I j u e ’ i i s e ’  el ‘ m I c I c i  , e x l t f l a I  e ’l’ / I . / M I/fit
2 

(40 ‘‘ e l / e m
2 ) ,  ,

~~td

‘ i , J l e ; e -  ‘ , f  , i ) C I ) , c x I ; i i , i l f ’ l y 500 kV. J ”j ’ ; ’ ; i c ’ s  9 I b i i ’ e ’ ;’jl , 1 2  ‘ ; j ’ ,’c-

I l i e ’  c ’ ; ’, J e c ’ r  i i l l c ’ i e l  - i i  ‘ ‘ ‘ c u d i f  i ’ , l ; i i  , i t i ’ l  5 , l i l c I e J e ’ i i  I ei i 0. 1 — m u t t  r t - , t e ’ e ’ t ’ i l

‘ f ’ b e c ’  0 .  3 8 — m i n i  i ‘ ‘ i I i l , ’ i , e I t ’ t , i i t j i l  l )ie II’S’S I 3 .  i — M c i’ J I l i l S e -  ‘ ‘ l i e ,

w i t h ;  ,m / — m i t t  , in;ttrl e ’ / ’ s,if l i e , 1 ’ ’  S I e i c ’ i u t g  ‘n e i l  i 1 . 4: 1 0;e ’ ; i ’ - I  is  ‘“~ n r c j i ‘ ‘ s s i c u l i .

b” i ’ ; ’ e r  ‘ ‘~~; I I  ( b e t  t U g 1; l I e  c l iv ’ ’ t he e ’  e’X~~e ’ ’t  j i l l’  !‘f e l  i a , e i t i i , c  I c - t i ;  ,uid ‘~~ei r ~~ie

ebee e l ‘ 1 - l i  , e ; , b i i ;  ( o r  ,e I 7 J c i ’ ’’ m i  0. lit—i(IiTi i e -m ’av ,i I . ‘ I i i ’  , e i t e e d e ’ I ( c i  e l i

I c i , ’ , ’ cc iii , t ” , i i , l i t  i O n s  c ’ c ) m i s i S !  ‘“I ‘H e (1.01 3 — m i t t  (1/1 n t il ) I j l , i t t j e ; m n i

I ’ ~~ I .

I - ’oi ‘‘ ‘ ‘ ‘h i of I b e e ’  I c r c ” ’  i l ,c , ;,‘ ‘“ e i ;ei i t, i ’ s ,  S , I ‘ ‘i  I ‘ c i  i i i ;  - C , - In S

c i i ’ I  5 ‘; i :e; j I ’ ’ ‘ ; bi ’ tI ‘, ‘ ‘ i c -  l i k e - u i  t i  ( ‘ - i  i ! ’ ,’ , ‘  I i b i  I i i ’ j .  lii e b i c ’

t t .  I , j r i ’ l  I ) . , ’ , —  u~ i i i  m e  i ’,’,v ,il , i ‘ i i  ‘ m i ~ i I i t’1 ‘,i,e’; ‘i - n ’ ,’ h i i ’j h .  b b e e w e - ’ J e - i

I l i e  - ()  . 3 1 1  miCe ‘ “ c ii’ 1 i I i o u  i n j ’  i m c  e l  1;’ eW e - I ’ , ,  C ‘ - 1,’ ‘ ‘  ne S c - I I , ’  (il l’ ; fle ‘I

I t c ’ l ’ i  l e c ’ i i i ’ j  i ’ ; , - , l  w , i s  i l d l ) i i ’ ’ S f  I ’ , ’  t f l ’ l Y ’ b i n i . i j  t , t  H - a ’ ’ ’ ’  l , ~ - , e i r ,  b e l i e ’ ’ ) ;  F l i t )

‘i u ’,’ ’ ’ ’ ii; j .’ , i - i l  ‘Se eI w ’s Jd  bc ‘eb ,! in c h ~~il Ii ir;e’ c c - - , ’ ’ - ’ I i ’ s , ’  ‘i i i  h , - i l h

l e e - m r ‘ b c e - ’ ’ ’ -  i i ’ e r  eel C lit ’ I t , ’ , i u , t . iS h i i ’ j h i , ’ i  ~~I i - s q l  I t  ‘, e q ; e ’ - t  i ’  t j e l l

~~h e e , i I I  ‘ m / c e i d  t l i i  s d i I 1 i c e  I f  ‘,‘.

c c l  I i ’  ‘ r ‘ - I ’’ i ; mile  ‘ i i i  ~c ,l i i t ?  e ‘ ( - ~; I 
~ic m ‘ ‘ , c ’r I ‘c i i n , ’ ‘ ‘ I  : C i , ’  I ; I ‘ ; I

‘ f - i  ‘ - i i n i j i i c ” f  I l i e ’  e ’ f l c ’ c ’ I  ‘ t I  ‘in nS - i f  t e e n ;  l O l l ’ ’  ‘c i t t , e ’ r o i l  c c  i d  w i t  I t

e - ’ ,j~~~
.
~~’ I I , , I I ; , ’  cc c i i i ;  i x j n ) ; ( b i t ’  s ’ s  ,isl I n e ’J e ’ S I  t r i t e ’ , )  ( l ee ’  I e ’ , i s t l ; i  l e t

‘i f i nl i n liml _ ’/,ltle J I b ~ c c - i t  e i i l e , m t  i t e i , S  ‘ e l e l c I t ’ ;  I l i e’ l i r e ’ -  1 , 1  w ’ ’ e ’t i t W e e

i t  m ’ i ’ H i I  PSi  I i  ‘ ‘ i S  ‘ c i i  ,t ‘ ; i r m c j l c ’  : ; . m r r ; f c i e ’ . - ‘ i ’ ; ; : , ’  [ ‘1  shows a

I n ;  o f  l , I t t ’ : k ’ ~ i r u o i i i i l  e d  l i i  t h e e -  , ‘ - , i t o  I r ’ e i e c  I e c ’ i  ; e ’ ’ m i ’ i i ’ ’ ’ i l i ~ I ’ ,  I l i e ’

le ’’ , i i ~ (nic,rr r t i I  i r r , i ’ l i , m I  ‘ c i i  e ’e , n ; , l ; t  i ’ c i t ~ ;) t e e  I i ;  t u l l e ’  c f h I ) he ’ l l

w i  t Ii c ‘ s ;  j et’ ,’ I I ‘ c I l i e ’  l e e  ‘ant , l -~ i • ‘I’ ’ c l , ) ,  1 t ‘; , i e ‘c ct I el ‘ e I I l it’ he’ 1 1 I It

1 t e ‘ i l te) ’J,l 1 f c i j ‘acll ‘ i f  I Ii ~~‘ ‘ t t ’  lii ‘ic ’)’, . I i  ‘ ‘ , e i ;  l i t ’  5 C c  ‘ii I b i i  I I,. i ’  -
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Table 2 Depth Remova l Record for F:ach Block

Phertolic
Removal Fiber
Depth Length

Ang le (mils ) (mils)

~~~~~~~~~~~~~~~~~~ ~~~
;; ;;

~~~~
150 9— 10 100— 120

300 5— 8 90—110

4 50  5— 6 60— 80

_____ -- 
60° 5—7 40—60
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4 5  e k r e ; r e ’ c ’ s .  The m i n i m u m  o v e r l a p  e x p e r i m e n t shown in  t ’ i q u r e -  18

was r c ’ l a t i ve l y successful. Because of the qyroradius on ~
when i t ,  pa sses a sha r p corner , t he mask u sed on the ’ second shot

a c t u a l l y  was extended 1 mm into the remova l reg ion of the f i r s t

shot. A slight ridge between the areas of removal resulted . To

optimize the smoothness across this region , this overlap should

probably be reduced to the order of 1/2 mm.
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SECT ION 5

RECOMMENDATIONS FOR FUTURE EXPERIMENTS

A series of calculations were carric ’eI out using the utce’thod

descu ihed in Nection 2 tO prc,’dict the maximum amount of }je’am , i r t ’ ,i

that could be produced on the OWL I I  or the OWL I I ’  ‘j e u i e i ’a t or s .

T h i s  a rea , as might ) , e ’  expect c,c l , is eieg e r i d e n t  on the desiresl

removal. For the OWL I I  gen e r a t o r  the m a x i m u m  beam a r e a  i s

9 10 cm 2 , 745  cm 2
, and 630 cm 2 

for 0 . 1 3 , 0 . 2 5 , and 0.38 mm i , !

phenolic removal , r e ’ s V ’ c t i v e ly .  Cot  r e s j t o m i ~l i n q  a r e as on OWL I I ’
- . 2 - 2 2are on l y s l ig h t l y lar ger w i t h  1 ,080 cm , 820 cm , and 680 cm iso

0 . 1 3 , 0. 2 5  and 0.38 mm of removal  n( ’ ,sI ) t ~cI  ive l y .  I f  a cone w i t h  a

base d i a m e t e r  of  2 3  cm and a bi e ’j ’jh t of 71 cm is a fair represe n-

t a t i o n  of a d e s i r e d  t a r g e t , thi re tn g e t  has a total pro jectc’d

area of a p p r o x i m a t e ly 815 cm 2
. ‘I’his imp lies tha f with the con-

struction of new hardware it should he possibl e; to u s e ’  no mom - c ’

than two shots to full y irradiate a given t a r g e t  cone from O f l c ’

s i d e .  In fact it is conceivable that a target cone could Lee ’

irradiated on a single shot for 0.11 or 0.25 mm of r e m o v a l .  T h i s

may l , c r  p u s h i n g  the technology  s ince  the beam should he I , m r ’ F e ’ c

tha,n the target by some amount on the w-’Ii ,’r of at least 1 cm in

* 1 1 dimensions to allow for variations and uricci r’tainties in t h e ’

beam edge quality.

A second consideration is the magnetic field. In the present

experiment , the magnetic coils have an inside cl i ,i p ;, ter of 40.6 cm

and the vacuum chamber has an inside diameter of 35.6 cnn . The

capacitor hank supplied 64 kJ of electrical enerqy to the ‘coils.

For a target that is between 71 and 74 cm high with a 23-cm-di ameter

36
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SECTION 1

(.,()PJC I I J~ I (JNS

In ‘ : c u r m e : l u s i e u u c , t h e e ’  ‘ i l a l  1 m t . y I c ,  e : r u u ; t  i , l  t i m e ’  e l e ’ I c t . h i  ‘c )  J e l i c ’ i i e ) l  i ’
i e ’i , i ’ j ’j , i l  j r m  , i  ‘ S c m  l c e i m i  ç e l i t ’ m i o l ic mti,i t c r 1  i a j  b e , m r ;  S e m i  ‘ l c ’ m i ; c e m ; s t  i ~m t  e d  h e ’ —

I we ‘‘ ic 0 . 1 mt te l 0 . 4 rnmn . A sc ‘ I  j e ’  s , f  s i  u me ~ a l e ’ s  l i i ; ;  l i e ’, ’ ,  i r ; e ’ i ; ’ ’ m  , m I t e l

I b i t s l i t  now bc em e ’d  t o m  f ’ u r t h c c ’ u  t e ~~ I i m m c j .  ‘ t h e ’ -  r c ’ ! a i c c i t m e ’ i } e i l i t  7

‘ I F  ‘I ‘ - , i i s - i n f e r ! ;  c m  t c ’  I ~~ t c ’s  t m m m c i  I u I i i i  t ’  s i m i t l i  I t ’ ’ ;  , c  ~i e j  c f  I I ‘ n i t  ‘ m i t  m ac i t  i i ’  -

‘ m c i ’  I ‘~y ‘x i s~ s I ci ‘lieS I m i t t  t a 1 1 y m rm~ i c ‘ 1 5 ’ ’  1 l i e ’  I ce ‘ ‘ u n  , i I c ‘ , i  i I -I c r  i m~~Ii 1 , -

18
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